Introduction
============

Acute myeloid leukemia (AML) is a malignant hematological neoplasm caused by the uncontrolled rapid proliferation of immature hematopoietic cells ([@ref-5]; [@ref-10]). As the disease progresses, the bone marrow hematopoietic function is impaired, which usually results in a decrease in number of circulating platelets derived from megakaryocytes. As we know, the principal function of platelets is to stop bleeding by clumping and clotting blood vessel injuries. Therefore, when platelet function remains normal, the maintenance of a certain number of platelets can avoid bleeding and significantly improve the prognosis of the patients.

As of today, the molecular and cytogenetic alterations of AML cells are being studied in detail ([@ref-4]; [@ref-21]; [@ref-25]). According to the national comprehensive cancer network (NCCN) guideline, cytogenetic subgroups are classified as favorable, intermediate, and unfavorable risk ([@ref-13]). Basically, favorable risk included patients with t(8;21), inv(16), or t(16;16); unfavorable risk included patients with a complex karyotype (three abnormalities) or abnormalities of chromosome 5 and/or 7; and intermediate risk referred to patients with other findings, primarily a normal karyotype. However, the relation between complete blood count (CBC), an important examination of AML at diagnose and the prognosis of *de novo* AML patients excluding acute promyelocytic leukemia (M3) remains obscure. Platelet count at diagnose varies widely in individuals with AML ([@ref-11]; [@ref-16]). The majority of patients have thrombocytopenia or severe platelet reduction at diagnosis, while a small number of patients have megakaryocytosis in bone marrow (BM), eventually leading to normal or even increased platelet count in peripheral blood (PB). Both thrombocytopenia and thrombocytosis are considered as risk factors of the prognosis in solid carcinomas. For example, in gastric carcinoma and nasopharyngeal carcinoma, thrombocytosis is considered to be an independent unfavorable factor for prognosis as it leads to a higher possibility of relapse or distant metastasis ([@ref-3]; [@ref-8]). Similarly, thrombocytopenia has been considered as an independent risk factor for prognosis in hepatocellular carcinoma ([@ref-22]). As to hematological malignancies, it has been reported that AML patients with DNMT3A mutations have a higher platelet count in PB and DNMT3A mutation has a correlation with poor prognosis ([@ref-19]). Additionally, several studies have also shown that in AML patients who underwent hematopoietic stem cell transplant (HSCT), persistent thrombocytopenia may be a poor prognostic factor for overall survival (OS), non-recurrence death and life-threatening infections ([@ref-1]; [@ref-9]; [@ref-24]). Thus, although abnormal platelet number and function have been reported to occur in the development of leukemia ([@ref-7]; [@ref-15]), the prognostic impact of platelets in the total AML population is not well understood, especially the mutual relationship between pretreatment platelet count and prognostic characteristics including OS, disease-free survival (DFS) and poor response to therapy.

The aim of this retrospective study was to evaluate and discuss the prognostic value of platelet count at the initial time of diagnosis in a cohort of 209 newly diagnosed non-M3 AML patients. We found that patients with pretreatment platelet count in the range of 50--120 ×10^9^/L had a better prognosis than other patients.

Patients and Methods
====================

Patients
--------

In this retrospective study, we identified a total of 209 previously untreated patients with *de novo* non-M3 AML treated at the First Affiliated Hospital of Wenzhou Medical University from August 2007 to December 2015. Patients with preceding hematological disorders, therapy-related AML or with other carcinomas were excluded. All patients were aged between 14 and 60 years, received at least one course of induction chemotherapy with regular follow-up. The AML subtypes were diagnosed and classified based on the morphological, immunophenotypic, cytogenetic and molecular features of leukemic blast cells according to the French-American-British (FAB) and 2008 revision of the World Health Organization (WHO) classification of myeloid neoplasms ([@ref-20]). All procedures conformed to the Helsinki Declaration and the study was approved by the Institutional ethics committee (the IRB approval number is 2012-26).

All the patients received conventional induction chemotherapy (idarubicin 8--10 mg/m^2^ or daunorubicin 45--60 mg/m^2^ per day on days 1--3 or homoharringtonine 4--6 mg/m^2^ per day on days 1--7 and cytarabine 100 mg/m^2^ per day on days 1--7) after the time of initial diagnosis. There were 115 patients achieved complete remission (CR) in the first course of induction chemotherapy. Patients who did not achieve CR in the first course of induction chemotherapy received a second course of induction chemotherapy or salvage therapy. Finally there were 30 patients who failed to achieve CR at least two cycles of chemotherapy. Patients who achieved CR after one or two induction therapy received high-dose cytarabine-based consolidation. A total of 55 patients finally received allogeneic HSCT as postremission therapy.

Cytogenetic analysis
--------------------

Cytogenetic analysis of patient samples were performed in almost all patients at the time of initial diagnosis. BM samples were systematically examined for cytogenetic abnormalities by R- and/or G-banding techniques and classification according to the International System for Human Cytogenetic Nomenclature. At least 20 metaphases were observed in each sample.

Statistical analysis
--------------------

Relations between platelet and recurrence rate were evaluated using the chi-square or Fisher's exact test. Correlations among parameters observed in CBC were determined using Spearman's rank correlation coefficient. OS was measured from the date of initial diagnosis to the date of death or last follow-up. DFS was measured from the date of CR to the time of relapse or death. Relapse was considered to have occurred when the BM contained 5% blasts unrelated to recovery from prior chemotherapy. OS and DFS were analyzed using Kaplan--Meier curves, which were compared using the log-rank test. Kolmogorov--Smirnov normality test was used to check the normality assumption for the data of baseline characteristics. Comparisons among patient clinical characteristics were done by Kruskal--Wallis test or Wilcoxon rank-sum test for continuous variables and Chi-square test or Fisher's exact test for categorical variables. The vast majority of patients with newly diagnosed non-M3 AML in our cohort had thrombocytopenia, more than half of them were below 50 × 10^9^/L. Receiver operating characteristic (ROC) curve analysis was used to determine the optimal platelet (PLT) cutoff in patients with initial PLT count over 50 × 10^9^∕L. According to the ROC curve analysis, 120 × 10^9^/L was confirmed as the cut-off point of platelet count for survival outcome of AML ([Fig. 1](#fig-1){ref-type="fig"}). Variables that were significant at *P* \< 0.05 in the univariate Cox regression analysis were included in the multivariate analysis using forward stepwise selection. All tests were two-sided and a *P* value \<0.05 was considered statistical significant. All statistical analyses were performed using SPSS software (ver. 17.0).

![Receiver operating characteristic (ROC) curve analysis for initial PLT count over 50 × 10^9^/L.](peerj-05-4139-g001){#fig-1}

Results
=======

Patient characteristics
-----------------------

A total of 209 non-M3 AML patients were included in our analysis and their general characteristics were summarized in [Table 1](#table-1){ref-type="table"}. The median age was 40 years (range, 14--60 years), with 94 female and 115 male patients. The median white blood cell (WBC) count was 15.52 × 10^9^/L (range, 0.38--464 × 10^9^/L). The median percentages of blasts in PB and BM were 59% (range, 0--99%) and 69% (range, 9--98.8%), respectively. According to the FAB classification, there were two (0.96%) patients with M1, 36 (17.22%) patients with M2, 92 (44.02%) patients with M4, 66 (31.58%) patients with M5, seven (3.75%) patients with M6, and one (0.48%) patient with M7. The remaining five (2.39%) patients were unclassified. Cytogenetic analysis and/or molecular analysis of patient samples were performed in 207 patients at the time of initial diagnosis, in which 18, 171 and 18 patients showed favorable, intermediate, and unfavorable karyotypes, respectively. With a median follow-up of 21 months (range, 0--112 months), a total of 104 deaths were recorded, and the estimated 5-year OS and DFS were 40.3% (95% CI \[31.5--49.1%\]) and 33.3% (95% CI \[24.3--42.3%\]), respectively.
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###### Baseline patient characteristics.

![](peerj-05-4139-g004)

  Characteristics                              All patients (*n* = 209)   Low initial PLT (\<50 × 10^9^/L) (*n* = 125)   Medium initial PLT (50--120 × 10^9^/L) (*n* = 61)   High initial PLT (\>120 ×10^9^/L) (*n* = 23)   *P* value
  -------------------------------------------- -------------------------- ---------------------------------------------- --------------------------------------------------- ---------------------------------------------- ---------------------------------------
  Median Age (range), years                    40(14--60)                 40(14--60)                                     40(17--59)                                          41(17--59)                                     0.976
  Male/female                                  115/94                     72/53                                          28/33                                               15/8                                           0.187
  Median WBC count (range), ×10^9^/L           15.52(0.38--464)           25.2(0.38--464)                                12.86(0.98--262.7)                                  6.55(1.19--129.56)                             0.003
  Median hemoglobin (range), g/L               76(32--153)                71(32--136)                                    81(41--127)                                         92(55--153)                                    0.001
  Median platelets (range), ×10^9^/L           36(2--376)                 22(2--50)                                      78(51--119)                                         147(122--376)                                  \<0.001
  Median blasts in PB (range),%                59(0--99)                  70(0--99)                                      39(0--97)                                           20(0--84)                                      \<0.001
  Median blasts in BM (range),%                69(9--98.8)                70.4(12--98)                                   69.6(9--98.8)                                       61.20(23--97.5)                                0.668
  FAB subtypes, *n*(%)                                                                                                                                                                                                      
  M0                                           0                          0                                              0                                                   0                                              --
  M1                                           2(0.96)                    1(0.80)                                        1(1.64)                                             0                                              1.000
  M2                                           36(17.22)                  27(21.60)                                      8(13.11)                                            1(4.35)                                        0.092
  M4                                           92(44.02)                  58(46.40)                                      24(39.34)                                           10(43.48)                                      0.675
  M5                                           66(31.58)                  30(24.00)                                      25(40.98)                                           11(47.82)                                      0.013
  M6                                           7(3.35)                    5(4.00)                                        2(3.28)                                             0                                              1.000
  M7                                           1(4.78)                    1(0.80)                                        0                                                   0                                              1.000
  Unclassified                                 5(2.39)                    3(2.40)                                        1(1.64)                                             1(4.35)                                        1.000
  Cytogenetic risk group, *n*(%)                                                                                                                                                                                            0.822[^a^](#table-1fn){ref-type="fn"}
  Favorable                                    18(8.61)                   12(9.60)                                       5(8.20)                                             1(4.35)                                        --
  Intermediate                                 171(81.82)                 103(82.40)                                     51(83.61)                                           17(73.91)                                      --
  Unfavorable                                  18(8.61)                   9(7.20)                                        5(8.20)                                             4(17.39)                                       --
  Missing                                      2(0.96)                    1(0.80)                                        0                                                   1(4.35)                                        --
  Induction chemotherapy, *n*(%)                                                                                                                                                                                            0.122
  IA                                           190(90.91)                 116(92.80)                                     55(90.16)                                           19(82.61)                                      --
  DA                                           7(3.35)                    3(2.40)                                        1(1.64)                                             3(13.04)                                       --
  HA                                           12(5.74)                   6(4.80)                                        5(8.20)                                             1(4.35)                                        --
  CR[^b^](#table-1fn){ref-type="fn"}, *n*(%)   115(55.02)                 71(56.8)                                       32(52.46)                                           12(50.00)                                      0.839
  Relapse, *n*(%)                              75(41.90)                  49(44.55)                                      14(28.00)                                           12(63.15)                                      0.020
  No. of patients who underwent HSCT, *n*(%)   55(26.32)                  32(25.60)                                      20(32.79)                                           3(13.04)                                       0.178

**Notes.**

PLTplateletWBCwhite blood cellPBperipheral bloodBMbone marrowFABFrench-American-BritishHSCThematopoietic stem cell transplantIAidarubicin and cytarabineDAdaunorubicin and cytarabineHAhomoharringtonine and cytarabine

Comparison of the two cytogenetic subgroups (favorable versus other).

Achieved complete remission (CR) after one course of induction therapy.

The median platelet count for all patients at diagnosis was 36 × 10^9^/L, with 59.81%, 29.19%, 11% patients showed low platelet count (\<50 × 10^9^/L), medium platelet count (50--120 × 10^9^/L) and high platelet count (\>120 ×10^9^/L), respectively. Patient characteristics grouped according to pretreatment platelet count were also summarized in [Table 1](#table-1){ref-type="table"}. Patients with high platelet count tended to have lower WBC counts and higher hemoglobin levels than those with low or medium platelet count (*P* = 0.003 and *P* = 0.001, respectively). Blasts in PB also showed a significant difference among low, medium and high platelet count groups (*P* \< 0.001). Patients with higher platelet count tended to have lower blasts in PB. There was a significant difference in the ratio in patients with relapse among three groups, and patients with high platelet count at diagnosis were more likely to relapse after they achieved CR (*P* = 0.020).

Prognostic impact of platelet count at the time of diagnosis
------------------------------------------------------------

Patients with medium platelet count achieved longer OS (*P* = 0.036, [Fig. 2A](#fig-2){ref-type="fig"}) and DFS (*P* = 0.007, [Fig. 2B](#fig-2){ref-type="fig"}) than those with low platelet count. There was no difference in OS (*P* = 0.340, [Fig. 2C](#fig-2){ref-type="fig"}) using the Kaplan--Meier analysis between medium platelet group and high platelet group. However, patients with high platelet count had a significantly worse DFS compared to those with medium platelet count (*P* = 0.002, [Fig. 2D](#fig-2){ref-type="fig"}).

![Survival outcomes of patients with acute myeloid leukemia grouped according to pretreatment platelet count.\
(A) Overall survival after diagnosis was compared between low platelet count group and medium platelet count group. (B) Disease-free survival after complete remission was compared between low platelet count group and medium platelet count group. (C) Overall survival after diagnosis was compared between medium platelet count group and high platelet count group. (D) Disease-free survival after complete remission was compared between medium platelet count group and high platelet count group.](peerj-05-4139-g002){#fig-2}

The univariate Cox regression analysis was used to analyze the factors influencing OS and DFS in patients with AML. As shown in [Table 2](#table-2){ref-type="table"}, the following clinical parameters were significantly associated with OS: platelets count (as a categorical variable), age, log(WBC) count and hemoglobin count (*P* = 0.044, *P* = 0.006, *P* = 0.006 and *P* = 0.019, respectively). The clinical parameters significantly associated with DFS were platelets (as a categorical variable) and age (*P* = 0.004 and *P* = 0.018, respectively).

10.7717/peerj.4139/table-2

###### Univariate analyses for OS and DFS.
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  Characteristics                             OS      DFS                                           
  ------------------------------------------- ------- -------------- ------- ------- -------------- -------
  Age (years)                                 1.022   1.006--1.038   0.006   1.019   1.003--1.036   0.018
  Age (years, ≤40 vs. \>40)                   1.602   1.088--2.357   0.017   1.609   1.081--2.393   0.019
  Gender                                      0.876   0.595--1.291   0.504   0.869   0.584--1.294   0.491
  Log (WBC)                                   1.522   1.129--2.052   0.006   1.282   0.948--1.732   0.107
  HB (g/L, \<100 vs. ≥100)                    1.929   1.113--3.343   0.019   1.596   0.943--2.700   0.082
  PLT (×10^9^/L, continuous variable)         0.999   0.995--1.002   0.456   1.001   0.997--1.005   0.709
  PLT (×10^9^/L, 50--120 vs. \<50 or \>120)   0.621   0.390--0.987   0.044   0.471   0.282--0.786   0.004
  Blasts in PB (%, ≤20 vs. \>20)              0.731   0.448--1.192   0.209   1.053   0.668--1.658   0.825
  Blasts in BM (%, ≤50 vs. \>50)              0.861   0.555--1.336   0.505   0.874   0.561--1.363   0.553

**Notes.**

HBhemoglobinPLTplateletPBperipheral bloodBMbone marrow95% CI95% confidence interval

As presented in [Table 3](#table-3){ref-type="table"}, the multivariate analysis included age, log(WBC), hemoglobin and platelets (as a categorical variable) as parameters revealed that age, log(WBC) and hemoglobin were significantly associated with OS (*P* = 0.004, *P* = 0.005, *P* = 0.013, respectively). Whereas platelets (as a categorical variable) failed to reach a statistical significance (*P* = 0.197). Additionally, age and platelets (as a categorical variable) were also significantly associated with DFS (*P* = 0.018, *P* = 0.013, respectively).

10.7717/peerj.4139/table-3

###### Multivariate analysis of clinical factors for OS and DFS.

![](peerj-05-4139-g006)

  Characteristics                             OS      DFS                                           
  ------------------------------------------- ------- -------------- ------- ------- -------------- -------
  Age (years)                                 1.023   1.007--1.040   0.004   1.019   1.003--1.036   0.018
  Log (WBC)                                   1.529   1.135--2.060   0.005   1.254   0.930--1.691   0.137
  HB (g/L,\<100 vs. ≥100)                     2.021   1.159--3.524   0.013   1.554   0.913--2.644   0.104
  PLT (×10^9^/L, 50--120 vs. \<50 or \>120)   0.732   0.458--1.175   0.197   0.519   0.309--0.871   0.013

**Notes.**

HBhemoglobinPLTplatelet95% CI95% confidence interval

Thus we divided all the patients into two groups, medium initial platelet count (50--120 × 10^9^/L) and low or high initial platelet count (\<50 ×10^9^/L or \>120 ×10^9^/L). The patient characteristics regrouped were shown in [Table 4](#table-4){ref-type="table"}. Patients with medium platelet count had longer OS and DFS than patients with low or high platelet count (*P* = 0.039, *P* = 0.003, respectively, [Fig. 3](#fig-3){ref-type="fig"}).

![AML patients with medium platelet count have longer overall survival and disease-free survival than patients with low or high platelet count.\
(A) Overall survival after diagnosis was compared between patients with medium platelet count and patients with low or high platelet count. (B) Disease-free survival after complete remission was compared between patients with medium platelet count and patients with low or high platelet count.](peerj-05-4139-g003){#fig-3}
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###### Patient characteristics between medium initial PLT group and low or high initial PLT group.

![](peerj-05-4139-g007)

  Characteristics                              Medium initial PLT (50--120 × 10^9^/L) (*n* = 61)   Low or high initial PLT (\<50 or \>120 × 10^9^/L) (*n* = 148)   *P* value
  -------------------------------------------- --------------------------------------------------- --------------------------------------------------------------- -----------
  Median Age (range), years                    40(17--59)                                          40(14--60)                                                      1.000
  Male/female                                  28/33                                               87/61                                                           0.089
  Median WBC count (range), ×10^9^/L           12.86(0.98--262.7)                                  18.48(0.38--464)                                                0.286
  Median hemoglobin (range), g/L               81(41--127)                                         72.5(32--153)                                                   0.070
  Median platelets (range), ×10^9^/L           78(51--119)                                         24(2--376)                                                      \<0.001
  Median blasts in PB (range), %               39(0--97)                                           68.5(0--99)                                                     0.003
  Median blasts in BM (range), %               69.6(9--98.8)                                       68.9(12--98)                                                    0.537
  CR[^a^](#table-4fn){ref-type="fn"}, *n*(%)   32(52.46)                                           83(56.08)                                                       0.480
  Relapse, *n*(%)                              14(28.00)                                           61(47.29)                                                       0.019
  No. of patients who underwent HSCT, *n*(%)   20(32.79)                                           35(23.65)                                                       0.173

**Notes.**

PLTplateletWBCwhite blood cellPBperipheral bloodBMbone marrowFABFrench-American-BritishHSCThematopoietic stem cell transplant

Achieved complete remission (CR) after one course of induction therapy.

In addition, a significant correlation was observed between platelet count and blast cells in PB (*P* \< 0.001, [Table 5](#table-5){ref-type="table"}). While the correlation between platelet count and blast cells in BM failed to reach a statistic significance (*P* = 0.515), similar to the results previously reported ([@ref-16]).

10.7717/peerj.4139/table-5

###### The correlations among parameters of patient characteristics.

![](peerj-05-4139-g008)

  Characteristics        Platelets (×10^9^/L)   
  ---------------------- ---------------------- ---------
  WBC count (×10^9^/L)   −0.184                 0.008
  Hemoglobin (g/L)       0.265                  \<0.001
  Blasts in PB (%)       −0.308                 \<0.001
  Blasts in BM (%)       −0.043                 0.533

Discussion
==========

In this retrospective study, we divided all the patients into three subgroups, as low, medium and high platelet count group (\<50 ×10^9^/L, 50--120 × 10^9^/L, \>120 ×10^9^/L, respectively). To our knowledge, this is the first study demonstrated pretreatment platelet count as an indicator to predict prognosis in AML patients. In those patients with an "almost normal" initial platelet count (\>120 ×10^9^/L), we found that they have a higher relapse rate than others. Additionally, a shorter DFS was also observed in the high platelet count group.

Accordingly, we speculated that patients with the initial platelet count range from 50 × 10^9^/L to 120 × 10^9^/L may have a favorable clinical outcome than others. The possible causes are as follows: (1) patients in low platelet count group showed higher percentage of blasts in PB and lower hemoglobin, which mean severe myelosuppression or deeper infiltration in BM at the time of initial diagnosis, resulting in a poor recovery after induction chemotherapy ([@ref-12]; [@ref-23]); (2) although there was lesser blast cells in PB in high platelet count group than other two groups, it showed no difference in the blasts in BM. Platelets can release platelet growth factor acting on platelet-derived growth factor (PDGF) receptors on leukemia cells, which may affect the proliferation of leukemia cells ([@ref-6]). The effects caused by cytogenetic abnormalities may have an influence on the proliferation and differentiation of megakaryocytes, finally resulting in the increase of platelet count. Several studies have shown that some tumor cells can induce platelet aggregation, which is directly related to the ability to metastasize ([@ref-17]; [@ref-18]). PDGF secreted by platelet has a strong activity in mitosis in cells, which can activate the DNA biosynthesis system and result in malignant proliferation in tumor cells ([@ref-8]).

Limitations still existed in our study. Firstly, it was a single-center and retrospective study, thus selection bias was difficult to be well balanced. For example, in contrast to the previously published population-based study, cases of M4 and M5 subtype were about 20--30% and about 10% in western countries ([@ref-2]) ([@ref-14]). While in our cohort it was 44.20% and 31.58%, respectively. Besides the population genetic diversity, the patient selection bias may be responsible for a particular FAB subtype of AML in our cohort. Thus, the prognostic role of pretreatment platelet count should be revalidated in the multivariate context including genetic information in the further prospective studies. Moreover, the bias caused by HSCT could not be ignored in the research. As there was no difference in the number of patients who underwent HSCT, we did not give an additional explanation. At last, the specific mechanism why and how platelets have an influence on the relapse of AML has not been explored in our study. We are going to have further research on molecular and cytogenetic levels.

In summary, this study demonstrated the relationship between platelet count at diagnosis and survival for non-M3 AML patients. Platelet count, as a common observed index in a routine CBC examination, may cause attention to us that it is a predictor of clinical outcomes in non-M3 AML patients. The correlations among platelet count, blasts in PB and hemoglobin were detected in our study, and no study has given a clear explanation to the interaction. These factors should be further analyzed in order to provide further information regarding our observation.
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